Two lines of commercial chickens differing significantly in pock responses on chorioallantoic membrane (CAM) of embryonating eggs were studied to estimate heritability and the number of pairs of genes which control this response. By using Wright's formula it was found that one pair of genes controls pock response of the CAM, suggesting a monogenic Mendelian inheritance of the trait. The heritability estimate of the trait was 0.71.
INTRODUCTION
Genetic resistance of fowl to Rous sarcoma virus (RSV) of subgroups A, B and C has been shown in each case to be under the control of one pair of autosomai genes (Crittenden and Okazaki, 1965; Rubin, 1965; Payne and Biggs, 1966, 1970; Crittenden et al., 1967) . Studies for obtaining such information are mostly undertaken by use of either of two assay methods for RSV: (1) inoculation on to the dropped chorioallantoic membrane (CAM) of ll-day-old chick embryos (Dougherty ef al., 1960) and (2) challenge of chick embryo fibroblast (CEF) cultures (Temin and Rubin, 1958) . In either case the dependent variable, pock or focus count, on which the genetic conclusions are based, is itself a numerical estimate and must therefore have a mean and a variance. Because of a large difference in average pock or focus counts between the resistant and susceptible phenotypee so far studied, the quantitative approach to analysis of pock or focus counts on CAM or CEF respectively, has not been used frequently. In most reports on analysis of the genetic basis of inheritance of resistance and susceptibility to infection with RSV conclusions heve been pre-p -KPani and pempted by the concept that the genetic resistance of pock incidence on CAM is controlled by one pair of genes, because the 2 alternate phenotypes are deliberately chosen by assigning to each phenotype a certain range of pock or focus counts. Analyses are then directed to the acceptance or rejection of this pre-conceived concept of monogenic Mendelian inheritance. Even if the 2 phenotypes are not strictly classical Mendelian phenotypes, the analysis assumes that they are so and therefore there is directional bias towards the monogenic inheritance of the huge range of pock or focus incidence on CAM or CEF respectively, which is not removed by any other unbiased quantitative method of analysis.
Therefore, we have used in this study a well recognised and unbiased method of analysis of the number of genes controlling the pock response on CAM to discriminate between polygenic and simple Mendelian (inheritance.
MATERIALS AND METHODS
Chickens. Two commercial lines of chickens. Sykes Line A (White Leghorn) and Sykes Line B (Rhode Island Red) were chosen as the parental lines, Pi and P 2 , because the difference between the average pock number of the two lines in response to infection with subgroup A sarcoma virus (BS-RSV) was highly significant (t = 15.07 P<0.01). The Fi and F 2 populations were subsequently produced by a mass mating system, and random samples of eggs were used from the 4 populations to study the CAM response to virus infection.
Virus and assay procedure. 0.1 ml of an appropriate dilution of BS-RSV (Subgroup A) was 'inoculated on to the dropped CAM's of ll-day-old chick embryos. The inoculum contained a dose of 100 pfu. 
Statistical procedure for analysis of pock incidence on CAMs.
Homogenicity of variance of the 2 parental lines was assumed. Wright's formula, given by Burton (1951) , was used to estimate the number of pairs of genes which control the pock incidence on CAMs:
where D = P7 -P 2 ; (Lush, 1948) was computed by using the following formula described by Mahmud and Kramer 1951);
Where V = variance of F 2 , Pi and P 2 populations respectively.
However, Burton (1951) The genetic parameters were computed using both the original and log-transformed pock count data. It was necessary to use both scales because the original scale had no clear cut distribution, whereas the log-transformed scale had a nearly normal distribution of pock counts for the 2 parental populations (Fig. 1a) . Furthermore, the log transformation removed the linear relationship between means and variances present in the original scale (Fig. 2) . 
RESULTS AND DISCUSSION
The log-transformed pock count distributions of the Pi, P2, Fi and F 2 populations are shown in Fig 1. The mean and variance for each population is listed in Table 1 . By substituting the values for mean, variance and h in Wright's formula the number of pairs of genes using the original and log- The agreement between the estimates of the numbers of pairs of genes for the 2 scales suggests that the incidence of pocks on the CAMs is devoid of scale effect. However, this agreement could be coincidental because the linear relationship between the mean and variance ¡in the original scale could bias the estimate of the number of pairs of genes calculated from the original data (Table 1 , Fig. 2 ). On the other hand as the means and variances are unrelated in the log-transformed scale (Table 1 , Fig. 2 ) the estimate calculated from the log-transformed data should be reliable. It can therefore be concluded that one pair of genes controls the incidence of pocks on the CAM. Bower et al. (1965) used Castle's formula and also estimated that one pair of genes controlled the pock response of CAMs to RSV.
However, this method of obtaining the number of pairs of genes depends on the 5 critical assumptions listed for the Wright's formula. If any of the assumptions is not satisfied the estimate is biased downward i. e. the estimated number of pairs of genes is usually less than the true number. But due to practical limitations there is no way of knowing, prior to the analysis of the data, if all these assumptions are fulfilled, in this study the second assumption of Wright's formula was probably not adequately satisfied due to the segregation observed in the F, generation (Fig. 1b) . However, this conclusion is based on a subjective approach to the histogram. Nevertheless, Wright's formula usually efficiently measures the probable number of genes which control a trait distributed normally regardless of any degree of dominance. Because the pock count is a numerical trait with a nearly log normal distribution the use of the above method should be chosen prior to use of other non-parametric methods to discriminate between polygenic and Mendelian inheritance. The heritability estimate of 0.71 suggests a high degree of correlation between the genotype and phenotype. This estimate, however, Genes and embryo susceptibility to RSV j21 includes the non-additive genetic variation. Although it is unusable for a prediction of genetic progress of the population, it can be considered as a valuable guide to a selection programme. Considering the h 2 and the number of gene pairs controlling the CAM response to BS-RSV, 8-10 embryonic CAMs on a dam basis would be adequate to estimate the genotype of the individual. Selection of an individual by a progeny test based on low counts should therefore be successful in increasing the average resistance of the population to infection with Subgroup A tumour virus. By using a different statistical method we have reported on the heritability estimate of pock response on CAMs of the Fi population derived from these 2 lines (Pani and Biggs, 1973) . The estimate was 1.59±0.37 and the present estimate derived from the F 2 population does not deviate from it very significantly. Bower (1962) calculated a heritability estimate from an analysis of variance and found ;it to be 0.28 for the sire's component and 0.78 for the dam's component of variance. The discrepancy between ithe 2 estimates was attributed to a maternal effect. Because in this study the observed F, mean value of 1.3028 in the log scale fell in between the Pi mean and the expected Fi mean of 1.0992, dominance may be assumed to be incomplete. However, since dominance is not an unconditional property of the genes in the way it is considered in Mendelian genetics, it is dependent on the scale used in representing the degree of expression of the trait (Mather and Jinks, 1971) . This was true in this study because lack of dominance in the original scale was changed to incomplete dominance in the log scale (Table 1) . It is also possible that dominance estimates could be biased by the segregation of the Fi population. The results and analyses reported here support the previous conclusion that a monogenic Mendelian concept of inheritance of pock response on the CAM is applicable to commercial chickens (Pani and Biggs, 1973) . Hence the CAM assay system can be used to select resistant strains, since the heritability of pock response is very high.
